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Timing abnormalities of myocardial contractility may
occur as inter- or intraventricular asynchrony. Gated
blood pool scintigraphy was performed on 21 patients
with a normal ejection fraction and the following elec-
trocardiograms: six normal, six with left bundle branch
block, four with right bundle branch block and fivewith
right ventricular pacemaker rhythm. A phase and am-
plitude of the first harmonic of the Fourier transform
was obtained for each pixel, and left and right ventricles
were trisected. A mean vector phase for each region was
obtained by vector summation. Regional and global val-
ues were analyzed within each group and compared with
normal values.
The phase ditTerences between the entire left and right
ventricles (mean ± standard deviation) were: 9 ± 3 in
the normal patients, 38 ± 8 (p < 0.01) in patients with
left bundle branch block, - 6 ± 7 (p < 0.05) in patients
with right bundle branch block and 15 ± 9 (difference
not significant) in patients with pacemaker rhythm. The
phase differences between left ventricular posterolateral
Many diseases, including coronary artery disease, valvular
disorders, various cardiomyopathies and primary abnor-
malities of electrical conduction, affect both the amount and
timing of cardiac contraction. Noninvasive assessment of
regional function using radionuclide gated blood pool im-
aging is routinely interpreted subjectively. Several para-
metric methods have been devised to derive specific infor-
mation from the radionuclide gated blood pool scan. One
method of current interest is phase analysis using the Fourier
transform. This technique derives the first harmonic (a si-
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and septal regions were - 4 ± 2 in the normal patients,
10 ± 5 (p < 0.01) in patients with left bundle branch
block, -7 ± 10 (p < 0.05) in patients with right bundle
branch block and 10 ± 5 (p < 0.01) in patients with
pacemaker rhythm. Within the right ventricle, phase
differences between the apical and septal segments were
14 ± 9 in the normal patients, 14 ± 10 (NS) in patients
with left bundle branch block, - 2 ± 3 (p < 0.01) in
patients with right bundle branch block and - 22 ± 18
(p < 0.01) in patients with pacemaker rhythm.
Interventricular phase differences were greatest in
patients with left bundle branch block and absent or
reversed in right bundle branch block. Intraventricular
asynchrony occurred in the left ventricle in patients with
left bundle branch block, right bundle branch block and
pacemaker rhythm, while right intraventricular asyn-
chrony occurred only in patients with right bundle branch
block and pacemaker rhythm. Regional vector sum-
mation permits quantification of asynchrony within, as
well as between, the right and left ventricles.
nusoidal function) of the discrete Fourier transform of the
time-activity curve of each pixel within the image. By this
technique, a sinusoidal function is fitted to approximate the
original time function. Each curve is specified by two values:
an amplitude and a phase (Fig. I). The amplitude is the
amount of peak variation in time with respect to an average
baseline. The phase is defined as the angular distance (in
degrees or radians) of the maximal point of the sinusoidal
function from a common reference point. This reference
point is a pulse triggered by the QRS complex of the elec-
trocardiogram of the patient studied. These values are as-
sembled into two images that are subjectively interpreted:
an amplitude image and a phase image.
With the use of this method, Adam et al. (l) compared
qualitative analysis of amplitude and phase images of the
left ventricle with biplane contrast angiography of patients
with various contraction abnormalities. Others (2-8) have
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Figure 1. Cosine function (Fltl) used to approximate the time-
activity curve of each pixel and the graphically-defined phase (8)
and amplitude (A).
used qualitative assessment of the phase image to detect and
localize sites of abnormal ventricular activation. Quantifi-
cation of Fourier images would have the advantage of pro-
viding an objective clinical measurement of contractile ab-
normalities, Accordingly, we developed a quantitative method
of segmental analysis using regional vector summation of
Fourier transforms of gated cardiac images (9). The purpose
of the present study is to use this technique to quantify
timing abnormalities associated with electrocardiographic
conduction defects.
Methods
Patients. Twenty-one patients were included in this study
(Table 1). All patients had been referred for radionuclide
gated cardiac scans for clinical indications unrelated to the
study. The patients selected for the study had either a normal
electrocardiogram or electrocardiographic evidence of con-
duction abnormality, All patients had normal overall left
ventricular function determined by ejection fraction (normal
~ 45%). Patients with valve disease or evidence of regional
left or right ventricular asynergy on subjective study of the
cardiac scans were excluded from the present study.
The normal group (Group I) consisted of six patients
with a nonnal electrocardiogram and a low probability of
coronary artery disease, based on history and radionuclide
stress testing . Group II consisted of six patients with left
bundle branch block; Group III consisted of four patients
with right bundle branch block and Group IV consisted of
five patients with a right ventricular electronic pacemaker
and a predominantly paced rhythm .
Imageacquisition. Patients were injected with 20 to 25
mCi of technetium-99m human serum albumin . Standard
16 frame radionuclide gated cardiac blood pool images were
obtained in all subjects at rest using a Technicare series 420
Table 1. Characteristics of the Four Study Groups
Group No. ECG LVEF:!: SO' HR :!: SO'
I 6 Normal 52 :!: 4 59 :!: 6
II 6 LBBB 52 :!: 5 77 ± 13
III 4 RBBB 60:!: II 69 ± 13
IV 5 Pacemaker 60:!: 14 70 ± II
rhythm
' Oifferences between individual groups not significant.
ECG = electrocardiogram; HR = heart rate (min- I); LVEF = left
ventricular ejection fraction (% ); SO = standard deviation.
gamma camera equipped with a general all purpose colli-
mator. Imaging was performed in the "best septal" left
anterior oblique view. The left and right ventricular images
were obtained at a count density averaging 300 counts/pixel
within a left ventricular region of interest. Data were re-
corded and manipulated on a Technicare series 560 micro-
processor interfaced with the scintillation camera.
Image processing. The image manipulation program was
written in BASIC. Count dropoff in the last several frames
due to imperfect gating was compensated for by normal -
ization with respect to the liver. In none of our subjects did
the liver counts change by more than 2% throughout the
first 10 frames. The 16 frame images were then smoothed
with a 9 point spatial filter. A Fourier transformation was
performed on the time-activity curve of each pixel and am-
plitude , phase and average values were obtained (Appendix
I) (10). Amplitude, phase and average images were assem-
bled from these values. Background subtraction was per-
formed and regions of interest over the left and right ven-
tricles were drawn. Each region of interest was trisected to
isolate the following clinically useful regions: septal , in-
feroapical and posterolateral segments within the left ven-
tricle, and apical, free wall and septal segments in the right
ventricle (Fig. 2). Region of interest selection was per-
formed by an experienced observer , with a reproducibility
of 2 to 3° ± 2 standard deviations) in segmental phase .
Vector summation of the amplitude and phase over each
segment and over the the entire region of interest was per-
formed as previously described (9).
Vector summation utilizes linear additivity. a fundamen-
tal property of the Fourier transform (Appendix 2) (10).
The mean vector can be derived by first performing the
transformation and then summing over the region of interest,
or by summing all the time-activity curves within the region
and then deriving the Fourier transform . The former tech-
nique was used because it is more flexible, providing both
the quantitative results and the parametric images for visual
inspection . An ejection fraction was calculated (Appendix
2) from the amplitude and average values for each region .
Thus, for every segment, as well as the entire region of
interest, a mean phase, amplitude, ejection fraction and
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Figure 2. Left (LV)and right (RV) ventricular regions of interest
and their subdivision in segments, For the left ventricle, I =
septum, 2 = apex, 3 = posterolateral wall; for the right ventricle,
4 = free wall, 5 = apex and 6 = septum.
phase histogram were obtained. This procedure was per-
formed for both left and right ventricular regions.
Analysis of data. Two-way analysis of variance was
used for the comparison of pairs of regional mean phase
values in each group within, as well as between, the two
ventricles (II). For comparisons between the abnormal and
the normal groups, phase differences were calculated be-
tween pairs of segments. The mean phase difference be-
tween two regions of one of the abnormal groups (Groups
II, III and IV) was tested against the mean phase difference
between the corresponding regions of the normal group (Group
I). A nonparametric test, the Mann-Whitney test, was used
to determine the level of significance. Mean regional ejec-
tion fraction values for Groups II, III and IV were compared
with those of Group I, also using the Mann-Whitney test.
For all types of analysis, a level of probability (p) < 0.05
for a two-tailed test was used as the criterion for significance.
Results
Intragroup analysis. Table 2 shows the comparisons of
mean vector phase values within each group.
Group I. For normal patients, the mean apical and global
right ventricular phases were slightly earlier than for the left
ventricle. Within the left ventricle, the posterolateral seg-
ment had an earlier phase than did the septal segment or
the apex. Within the right ventricle, the septal segment phase
was earlier than for the apex or free wall. Thus, the pattern
for normal phase sequence was an early right ventricular
septal phase, followed by simultaneous right ventricular
apex, free wall and left ventricular posterolateral segment.
The last portion of the normal sequence consisted of the left
ventricular septum and apex.
Group II. Patients with left bundle branch block showed
markedly delayed left ventricular phase variables compared
with the right ventricle. The left ventricular septal phase
was earlier than that of the posterolateral segment. This is
the reverse of normal patients. The septal segment phase
was also earlier than the apical phase of the left ventricle.
Within the right ventricle, the septal segment phase was
earlier than the apical phase, a pattern similar to normal.
The phase sequence began with right ventricular septum and
free wall, followed by right ventricular apex, then left ven-
tricular septum, and finally left ventricular apex and pos-
terolateral wall.
Group lll. For patients with right bundle branch block,
the apical and global mean right ventricular phases tended
to be later than for the left ventricle, though not enough to
be statistically significant. There was, however, a significant
difference between the left ventricular posterolateral phase
and that of the right ventricular free wall, the right ventric-
ular free wall being late. As in patients with normal con-
duction (Group I), in patients with right bundle branch block
the left ventricular posterolateral segment was earlier than
the left ventricular septal segment. Within the right ventri-
cle, the difference between the apical and septal phases did
not reach significance. This differed from findings in both
patients with normal conduction and those with left bundle
branch block in whom the septum contracted earlier than
the apex. The right ventricular free wall was significantly
delayed behind the right ventricular septum and apex. The
phase sequence in right bundle branch block was as follows:
first, the left ventricular posterolateral wall; then, simulta-
neously, the left ventricular apex, septum, right ventricular
apex and right ventricular septum, and last, the right ven-
tricular free wall.
Group IV. For patients with pacemaker rhythm, mean
right ventricular global and apical phases were earlier than
for the left ventricle. Within the left ventricle, the earliest
phase occurred simultaneously at the apical and septal seg-
ments, the latter significantly earlier than the posterolateral
segment. Within the right ventricle, the earliest phase was
in the apex. The pattern of phase, therefore, started in the
right ventricular apex, followed by the right ventricular sep-
tum, the right ventricular free wall, left ventricular septum,
and apex, with the left ventricular posterolateral segment
last.
Intergroup analysis. Table 3 and Figures 3 and 4 com-
pare phase differences between pairs of segments in Groups
II, III and IV with those of Group 1. These were found to
be independent of the heart rate in the range encountered
as determined by regression analysis of the phase difference
versus heart rate. Thus, this method was found suitable for
intergroup comparison.
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Table 2. Comparison of Regional Mean Phase Values Within Each Group of Patients
Normal (n = 6) LBBB (n = 6) RBBB (n = 4) Pacemaker Rhythm (n = 5)
Mean Phase (0)± Mean Phase (0)± Mean Phase (0) ± Mean Phase n ±
Region Standard Deviation Standard Deviation Standard Deviation Standard Deviation
Global LV * [302 ± 20 [350 ± IO NSe24 ± 25 [341 ± 25
Global RV 293 ± 20 * 312 ± II 330 ± 30 * 326 ± 26
LV septum
302 ± 20j Nj 342 ± IO} J 328 ± 27]N~ 337 ± 26jN~
LV apex t ~±19 , 354 ± 10 * 326 ± 22 * 338 ± 25 *LV postlat 298 ± 20 * [[352 ± IO]NS [[320 ± 26]NS t[" ±26 NS* * NS
[,98 ± 16] NJ
* * * NS NS * NS * NS
RV free wall 310 ± II]NSJ 336 ± 29) J 333 ± 25) J
RVapex 298 ± 18] * 319 ± II] NS 327 ± 28 * * 308 ± 41] * NS
RV septum 284 ± 26 * 305 ± 18 " 328 ± 31]NS 330 ± 25 NS
* = p < 0.05; not significant (NS) = P > 0.05.
LBBB = left bundle branch block; LV = left ventricular; postlat = posterolateral wall; RBBB = right bundle branch block; RV = right ventricular.
Compared with the normal group, in patients with left
bundle branch block the left ventricular phase was markedly
delayed compared with the right ventricular phase (Fig. 3).
This was true for all three left ventricular segments and the
left ventricle as a whole. Patients with right bundle branch
block demonstrated a reversal of the phase difference pattern
found in the other three groups, with the exception of the
phase difference between right and left ventricular apical
segments, which did not differ significantly from those of
the normal group. Although the global left ventricular phase
was only slightly ahead of that of the right ventricle in right
bundle branch block (Table 2), this relation was significantly
different from the normal phase difference (Fig. 3). The
relation between left and right ventricular apex was not
significantly different in patients with right bundle branch
block compared with that in the normal group. While in the
normal group there was no difference between the left ven-
tricular posterolateral and right ventricular free wall seg-
ments, in patients with right bundle branch block a delayed
right ventricular free wall phase was demonstrated. Com-
pared with the normal group, patients with pacemaker rhythm
differed only with respect to the interapical phase difference,
in which the right ventricular apex was significantly earlier
than the difference found in the normal group.
Within the left ventricle. the phase difference between
left ventricular apex and posterolateral segment was un-
changed for right (Table 3) and left bundle branch block
and reversed in pacemaker rhythm. In left bundle branch
block and pacemaker rhythm, the phase difference between
the septal and posterolateral segments (Fig. 4) was the re-
verse of normal patients, while in right bundle branch block
this difference was exaggerated.
Within the right ventricle (Fig. 4), the phase difference
between the apical and septal segments was unchanged in
left bundle branch block, obliterated in right bundle branch
block and reversed in pacemaker rhythm. The phase dif-
ference between the right ventricular free wall and apex was
significantly changed from normal only in pacemaker rhythm.
Ejection fraction. For Groups II, III and IV, the re-
gional mean ejection fraction was compared with values for
Table 3. Intergroup Comparison of Mean Phase Differences Between Segments
Pacemaker Rhythm
Normal (n = 6) LBBB (n = 6) RBBB (n = 4) (n = 5)
Global LV-RV 9 ± 3 38 ± 8t -6 ± 7t 15 ± 9
LV apex-RV apex 6 ± 2 35 ± 8t -I ± 7 30 ± 2It
LV postlat-RV free wall -I ± 8 42 ± st -16 ± 6t 14 ± 14
LV septum-LV apex -I ± 2 -12 ± 6t 2 ± 6 -I ± 8
LV apex-LV postlat 5 ± 2 2 ± 4 6 ± 5 -9 ± 10*
LV postlat-LV septum -4 ± 2 IO ± 5t -7 ± 10* 10 ± st
RV free wall-RV apex o ± 8 -9 ± 9 9 ± 3 25 ± 19*
RV apex-RV septum 14 ± 9 14 ± 10 -2 ± 3t -22 ± 18t
RV septum-RV free wall -14 ± 13 -5 ± 10 -8 ± 2 -3 ± 4
*p :$ 0.05 compared with normal subjects; tp :$ 0.01 compared with normal.
Abbreviations as in Table 2.
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Figure 3. Intergroup comparison of mean phase differences (6
phase) between pairs of regions in different ventricles. Group I
= normal patients; Group II = patients with left bundle branch
block;Group III = patientswith right bundle branch block; Group
IV = patients with pacemaker rhythm. LV = left ventricle; NS
= not significant; p = probability; postlat = posterolateral wall;
RV = right ventricle.
the corresponding segments in Group I (normal patients) .
There were no significant differences in the regional ejection
fraction for any segment.
Discussion
Why study asynchrony? Traditional evaluation of both
contrast and radionuclide ventriculograms is concerned only
with abnormalities of the amount of contraction . The pres-
ence of asynchrony in patients with coronary disease was
previously described by Herman et al. (12) . Regional asyn-
chrony may produce clinical manifestations out of propor-
tion to the contractile abnormalities. Godley et al. (13) de-
scribed temporal abnormalities of mitral valve coaptation
causing clin ically apparent mitral regurgitation due to re-
gional asynergy involving papillary muscle function. Adam
et al. (1) demonstrated the usefulness of combining both
timing and contraction abnormalities to increase the sensi-
tivity of radionuclide imaging for the detection of coronary
artery disease . Asynchrony has also been described in val-
vular disease , electronic pacemaker rhythm and electrocar-
diographic conduction abnormalities. In order to stud y the
clinical importance of this more effectively in specific pa-
tient group s, quantification of regional asynchrony is desir-
able. Ultimately, this information needs to be integrated
with other mechanical, electrophysiologic and hemody-
Figure 4. Intergroup comparison of mean phase differences be-
tween pairs of regions in the same ventricle. Abbreviations as in
Figure 3.
namic data for a more complete understanding of the sig-
nificance of asynchrony.
Methodologic considerations. Since the introduction of
radionuclide gated blood pool phase analysis in 1977 by
Adam et al. (14), attempts have been made to quantify local
cardiac cycle abnormalities. A number of investigators (15- 18)
detected ventricular asynchrony by deri ving several indexes
from the ventricular phase histogram. such as the arithmetic
mean , standard deviation and skewness. However, these
methods do not directly quantify regional contraction pat-
terns. One of the requirements for creating a clinically useful
tool is the quantification of regional phase values. Frais et
al. (19) calculated the arithmetic mean phase for each of
the ventricles as a whole, and correlated interventricular
phase differences in patients with left and right bundle branch
block .
We have attempted to extend the utility of Fourier trans-
forms by subdividing each ventricle into segments and de-
riving a mean vector for each segment and the ventricle as
a whole . One advantage of the present technique is to allow
simultaneous quantification of both inter- and intraventri-
cular phase abnormalities. The theoretical advantages of
vector summation over the arithmetic averaging of phase
images include the simultaneous summation and weighing
of both the phase and amplitude and its handling of phase
as a circular entit y. eliminating the problem of " wrap-
around ," that is, the joining together of both end s of the
phase range (0 to 360°). The use of a few large segments,
each with many pixels , has the advantage of decreasing the
sampling error, which in our method is ± 1.5 to 3° for each
segment while for a single pixel, the error is ± 7 to 13°.
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The observed segmental phase error is less than the observed
differences among patients. Thus, although a higher count
density or a higher framing rate would have improved the
temporal sampling error, it would not have had any signif-
icant impact on the study performed.
Caution should be exercised in interpreting thefirst Four-
ier harmonic parametric images and the numerical values
extracted/rom them. The phase represents only the relative
relation of the entire time-activity curve with respect to a
common temporal origin and does not specifically describe
any particular portion of it. The vector mean phase of any
segment of the whole ventricle may not, in fact, represent
the onset of contraction or relaxation of the adjacent wall.
In addition, the Fourier first harmonic of any pixel can be
affected by overlapping structures, translational and rotatory
motion, edge artifacts and noise. These problems are shared
by all fixed reference parametric methods. For the Fourier
first harmonic, another problem is one of limited fit of the
sinusoidal function to the real regional time activity, which
may be significantly different. Attempts to correct this by
truncation of the time-activity curve are successful only in
special circumstances where the shape of the curve is spa-
tially uniform throughout the ventricles, because further
artifacts can be created in the presence of asynchrony or
where the end-diastolic plateau is short or absent.
Global and segmental phasepatterns in patients with
normal intraventricular conduction. The present study
demonstrates that the system of regional subdivision and
regional vector summation can be used to map and quantify
local phase patterns and to describe global and segmental
behavior in patients with or without conduction defects.
Typical interventricular and intersegmental timing relations
become more apparent and can be quantified by this method.
In the normal group, the right ventricular phase was earlier
than the left ventricle as a whole; in addition, the right
ventricular apical phase was earlier than the left ventricular
apical phase. This is in agreement with the work of Braun-
wald et al. (20), who documented right ventricular ejection
to begin earlier than the left ventricular septal phase in
normal hearts. Within the left ventricle, the posterolateral
phase occurred earlier than the left ventricular septal phase
in normal hearts. Walton et al. (21) calculated arithmetic
mean segmental phase values for the left ventricle with
similar results. Furthermore, we found the right ventricular
septal segment had an earlier phase than the right ventricular
apex and free wall.
Results in patients with conduction defects. A large
phase lag between the ventricles occurred in patients with
left bundle branch block. This was observed for both global
and individual ventricular segments. Inaddition, within the
left ventricle, the normal pattern of early posterolateral seg-
ment phase followed by septal phase was reversed. These
findings are compatible with those of Byrom et al. (22).
The current study shows that the right ventricular phase
pattern was not significantly affected in patients with left
bundle branch block. In patients with right bundle branch
block, the normal right ventricular phase lead was absent
or reversed. The normal phase pattern was altered in both
ventricles, In patients with pacemaker rhythm, the major
abnormality was an exaggerated early right ventricular ap-
ical phase, resulting in an altered sequence in both ventricles.
Our results are at slight variance with the study of Frais
et al. (19), who found the left ventricular phase to be earlier
than the right ventricular phase in normal patients and a
large right ventricular lag in patients with right bundle branch
block. The mean phase difference between ventricles in our
patients with right bundle branch block was not as large as
that seen in left bundle branch block. We found that the
mean global right ventricular phase occurred slightly earlier
than the mean phase of the global left ventricle in normal
patients. These differences in results could be due to patient
selection, or possibly to chance alone because small num-
bers of patients are involved in both studies. Because Frais
et al. (19) included patients with hypokinesia in their ab-
normal groups, this (and possible right ventricular dys-
function in patients with right bundle branch block) may
have contributed to the difference in results. Other poten-
tially influential study differences included the method of
region of interest selection, arithmetic averaging versus vec-
tor summation and finally, manipulation of raw data before
the Fourier transform, including truncation and frame length
adjustment (19).
Analysis of regional ejection fraction data showed no
difference among all four groups. This is not surprising
because the patients studied were selected for normal con-
traction in order to exclude the effects of hypokinesia or
akinesia.
Comparison with nonnuclear methods. The sequence
of normal electrical excitation in the human heart is well
known. Durrer et al. (23) documented excitation in the left
ventricle to begin high on the anteroseptal wall just below
the attachment of the mitral valve, the central portion of the
left surface of the left interventricular septum, and the pos-
terior paraseptal area near the apex, while in the right ven-
tricle, activation starts near the insertion of the anterior
papillary muscle slightly after the onset of left ventricular
activation. This is similar to the pattern observed by Clayton
(24) and Bulawa (25) and their co-workers. Using contrast
ventriculography with an internal reference system for quan-
titative interpretation, they showed that in the left anterior
oblique view contraction began near the apex on both the
septal and posterolateral sides and proceeded toward the
base. These findings differed from those of McDonald (26)
and Kong et al. (27), who used epicardial markers to assess
the time of mechanical activation. The former group doc-
umented an early descent of the base and a symmetric nar-
rowing of the left ventricular cavity, while the latter group
noted early activation in the apicoseptal area, progressing
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Appendix 2. Regional vector summation. AM mean = effective
mean amplitude of region: AV mean = average number of counts
of region: EF = regional ejection fraction; 'T/ = number of pixels
~
in region of summation; 2: = summation over entire area of 'T/
Appendix 1. Discrete Fourier transformation. AMx.) = amplitude
of pixel,x.)); arctan = arctangent; AVX,) = average number of
counts in pixel,")) over entire cycle; cos = cosine; F(n)x,y =
number of counts in pixel,X,) in frame n; ';g; = Fourier transform
operator; i = v!=l; IMx,y = imaginary component of pixel,x,);
N
n = number of frame; N = total number of frames; 2: =
n=!
summation over all frames, I to N; PHx) = phase of pixel,x.));
REq = real component of pixel!x.»); sin = sine.
7(~ F( t )x,y) = ~7(F(t)x,y) ( 7 )
'T/ 'T/
= LREx,y + iI: IMx y ( 8 )x,y x,y'
AMmean = ~ 'T/ 2 'T/ 2 ( 9 )f (I:REx,y) + (I: IMx,y)x,y x,y
PHmean =arctan[(tIM ) /(t:RE )] ( 10 )x,y x,y x,y x,y
1 'T/AVmean = 7/ L.AVx,y <11 )x,y
(5)
( 3 )
( 6 >
( 1 )
<4)
( 2 )
<12 )2AMmeanAM mean +AVmean - BaCkground=
PHx,y =arctan (IMx,y/ REx,y)
APPENDIX
'7(F( t) X,y) = REx,y + i 1M x,y
2 N
REx,y = "NL F(n)x v : COS (21l' (n-1)/N)
n.1 '
2 N
IMx,y = "NI:F(nlx y' sin (21l'(n-1)/N)n.1 '
1 N
AVx,y = N"5 F(n)x,y
AMx,y = JREx}+IM x}
EF
toward the base and the posterior surface. Thus, differences
in results have been observed, depending on the specific
technique of cineventriculographic analysis and whether an
internal or external frame of reference was used.
The problems of relating electrical activation patterns to
the kinetic patterns of local wall motion and, in turn, to
patterns of adjacent local ventricular volume changes are
more than methodologic in nature. The relation between
local myocardial electromechanical activation and wall mo-
tion is complex, influenced by the loading states of each
cardiac chamber, geometry and intrinsic contractility. A
disparity between the two has been demonstrated in the
timing of right and left ventricles (20,28-30). It can be
expected that the relation between local wall motion and
adjacent local volume changes of the cardiac chambers is
complex because the latter is determined not only by wall
motion parallel to the face of the detector, but also by motion
perpendicular to it. This is not adequately appreciated on
contrast ventriculography. It would then seem that caution
is indicated when attempting to use electrocardiographic or
contrast ventriculographic data to support or refute results
of analysis obtained from cardiac blood pool scintigraphy,
because each approach measures a different entity.
Clinical implications. Despite the drawbacks men-
tioned, the characterization of sequential regional volu-
metric changes in patients with conduction abnormalities
may have both diagnostic as well as clinical relevance. The
establishment of normal and abnormal values for objective
and independent criteria as demonstrated in this study may
offer an alternative method of classification of patients with
electrocardiographic conduction abnormalities. This method
has the potential for evaluating large groups of patients in
which the risk and cost of invasive electrophysiologic stud-
ies are prohibitive. The method has further potential for the
analysis and separation of purely contractile abnormalities
from those of timing of contraction in the presence or
absence of conduction abnormalities. This quantitative tool
may lead to further insight into the nature of myocardial
dysfunction during ischemia and the clinical relevance of
timing abnormalities of contraction. Further improvements,
such as improved spatial resolution, higher Fourier har-
monics and correction of rotational motion, may allow for
additional enhancement of the method.
pixels; PH mean = effective phase of region.
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